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Printed Board Process Capability, Quality, and Relative 
Reliability (PCQR2) Benchmark Test Standard and Database 


1 SCOPE 


1.1 Purpose The purpose of this document is to define 
the Process Capability, Quality, and Relative Reliability 
(PCQR’) Benchmark Test Standard and Database Program 
used for the evaluation of Printed Circuit Board (PCB) 
manufacturing processes. This is in accordance with The 
National Technology Roadmap for Electronic Interconnec- 
tions 2000/2001 published by IPC, which states that “For 
a company to efficiently manage its supply chain it must 
identify the capability of its suppliers and make certain that 
their capability for manufacturing a product is consistent 
with the needs of the customer.” 


1.2 Documentation Hierarchy All other IPC documents 
take precedence over this document. This document was 
developed by the IPC D-36 Subcommittee of the Rigid 
Printed Board Committee (D-30) of IPC, and describes the 
process to evaluate the manufacturing process capability of 
PCB fabricators for certain key features. 


1.3 Definition of Terms The definition of all terms used 
herein shall be as specified in IPC-T-50 and as defined 
below. 


As Agreed Between User and Supplier (AABUS) Indicates 
additional or alternate requirements to be decided between 
the user and the supplier in the procurement documenta- 
tion. 


Analysis Report Detailed statistical data on each fabrica- 
tor’s database submission. 


Comparison Report Comparative statistical data of each 
fabricator participating in the database. 


Conductor Analysis Technologies, Inc. (CAT) The com- 
pany providing and controlling the intellectual property 
associated with the process capability panel designs, test 
methods, data analysis techniques, and the database. 


Database Submission A set of process capability panels 
submitted by a fabricator for testing, data analysis, and 
inclusion in the database. 


Database Subscriber A company or organization associ- 
ated with the electronics industry that obtains access to the 
database through a subscription from IPC. 


Database Supplier A fabricator who submits a set of pro- 
cess capability panels for testing, data analysis, and inclu- 
sion in the database. 


Design Documentation File The file used to detail the 
specifications and manufacturing requirements of each pro- 
cess capability panel design. 


Design Library The family of process capability panel 
designs developed by the IPC D-36 Subcommittee. 


Fabricator A company or organization that manufactures 
PCBs. 


PCQR? Database The electronic storage medium for the 
data and reports generated from the testing of process capa- 
bility panels. 


Process Capability Data The data generated from the test- 
ing of process capability panels. 


Process Capability Panel A parametric test panel that is 
comprised of test modules designed to evaluate specific 
features of PCBs. 


Submission Form The information provided by fabrica- 
tors upon submitting a set of process capability panels to 
the database. 


Subscription License Agreement The method used by 
subscribers to gain access to the database which is avail- 
able at www.pcbquality.com. 


Test Module The individual element of a process capabil- 
ity panel. 


1.4 Applicable Documents The following specifications 
of the revision in effect at the time of order form a part of 
this document to the extent specified herein. 


IPC-T-50 Terms and Definitions for Interconnecting and 
Packaging Electronic Circuits 


2 PROCESS SUMMARY 


2.1 Introduction Many PCB users have developed inter- 
nal processes to evaluate the capabilities of their PCB fab- 
ricators. As a result, fabricators often receive requests from 
multiple customers to manufacture test panels as part of 
qualification procedures. The PCQR? database program 
provides an industry standard for the design of these test 
panels. The resulting data provides subscribers with the 
ability to review detailed results from individual fabrica- 
tors, to compare the capabilities of multiple fabricators, and 
to eliminate multiple or redundant requests to fabricators. 
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2.2 Process Steps 


1. At the request of a database subscriber(s) or on their 
own behalf, fabricators shall download the appropriate 
process capability panel designs, associated documenta- 
tion files, and submission forms from the design library 
at www.pcbquality.com. 


2. The fabricator manufactures the process capability pan- 
els using their standard processes per the specifications 
and requirements outlined in the design documentation 
file and AABUS. 


3. The fabricator completes the submission form as 
instructed in the documentation file, and ships all panels 
at one time. Testing will not begin until all panels and 
the submission form have been received. 


4. CAT or a licensed facility performs the required testing 
of the process capability panels. All data analysis and 
report generation shall be performed by CAT. 


5. Reports and summary information are posted anony- 
mously to the database at www.pcbquality.com. 


6. Subscribers are informed of the posting, and the request- 
ing subscriber(s) is informed of the fabricator’s identity 
within the database. 


7. The fabricator is provided with a copy of their analysis 
report and an applicable comparison report for their sub- 
mission. 


8. The process capability panels are not the property of 
CAT or IPC, and if requested will be returned to the 
owner when the testing and data analysis has been com- 
pleted. The panels will be stored for a period of two 
months from the posting of the data, after which time 
CAT may dispose of the panels. Unclaimed panels may 
be used by CAT and/or IPC for other committee 
approved activities. 


3 PROCESS CAPABILITY PANEL DESIGNS 


3.1 Design Library The PCQR? process capability panel 
designs are provided under license to IPC by CAT for use 
by its members and the PCB community. The designs are 
to be used exclusively for the support of the PCQR? data- 
base and related activities. The most current process capa- 
bility panel designs are posted at www.pcbquality.com. 


3.2 Panel Layouts The process capability panels consist 
of an array of 25.4 mm x 25.4 mm [1.0 in x 1.0 in] test 
modules, and a 25.4 mm [1.0 in] border that includes 
nomenclature and alignment features. Individual design 
layout maps can be found in the design documentation files 
posted at www.pcbquality.com. The test module types 
include conductor/space, via registration, via formation/ 
reliability, soldermask registration, and controlled imped- 
ance. 


3.3 Test Modules The test modules are designed to 
allow evaluation of detailed information on a range of 


feature types and sizes. Table 3-1 details the information 
that is obtained from each of the modules. 


Table 3-1 Test Module Statistical Attributes 


Module Capability Quality Reliability 
Conductor Conductor 
E a and space width and - 
P yield height control 
E Wel Probability of breakout = 
Via î 
i ùA Resistance Cycles to 
Helbig? via yield control failure 
Seed ov Probability of encroachment Bê 
ie Impedance control _ 


3.4 Manufacturing Requirements Each of the designs 
has an accompanying documentation file that describes its 
specific features and manufacturing requirements. 


4 TEST AND ANALYSIS 


4.1 Testing and Data Analysis The panels shall be 
tested by CAT or by a third-party licensed by CAT and 
approved by the IPC D-36 Subcommittee. All data analy- 
sis, report generation, and posting to the database shall be 
performed by CAT. The type of measurement performed on 
each module is detailed in Table 4-1. 


Table 4-1 Measurements 


Test Module 
Conductor/Space 


Measurement Type 


Precision Resistance 


Via Registration Resistance 


Via Formation/Reliability Precision Resistance 


Soldermask Registration Resistance 


Time Domain Reflectometry 


Controlled Impedance (TDR) 


4.2 Via Reliability Testing 


4.2.1 Assembly Simulation After initial capability and 
quality testing, representative via formation/reliability 
modules shall be subjected to six cycles of a convection 
solder reflow profile. The modules shall be preconditioned 
at 125 + 5 °C for a minimum of six hours to remove 
residual moisture. The reflow profiles available for the 
assembly simulation are detailed in Table 4-2. The profile 
used will be AABUS. 


Table 4-2 Assembly Simulation Profiles 


Approximate 

Profile Peak Temperature Cycle Time 
A 215 °C 4.0 min. 
B 245 °C 6.0 min. 
C 260 °C 6.0 min. 


2 


February 2007 


IPC-9151B 


4.2.2 Thermal Cycling The via formation/reliability 
modules that were subjected to the assembly simulation 
process shall be thermal cycled using the Highly Acceler- 
ated Thermal Shock (HATS) reliability test methodology, 
which was developed for the IPC-PCQR’ program. The 
temperature extremes and the number of cycles are detailed 
in Table 4-3. The number of cycles to 10% change in resis- 
tance and open circuit will be reported if they occur before 
the 500" cycle. 


Table 4-3 HATS Cycle 


Lower Upper 
Temperature Temperature Number of Cycles 
-40°C +145 °C 500 or until open 
5 DATABASE 


5.1 Data The data collected from each submission is 
compiled into the database that details the process capabil- 
ity, quality, and reliability demonstrated by fabricators. The 
data shall remain active for a period of twenty-four months 
from the posting date after which time it will be removed 
and archived. 


5.2 Database Access Access to the database is provided 
only through an annual subscription from IPC, and is based 
on the subscribers’ annual corporate electronics revenues. 


The Subscription License Agreement is available at www- 
._pcbquality.com. 


5.3 Anonymity To maintain the anonymity of fabricators 
participating in the database, the IPC D-36 Subcommittee 
and subscribers shall refrain from discussions of specific 
fabricator identities and capabilities. The subcommittee 
will take all appropriate steps to ensure this anonymity. 


5.4 Supplier Identity Request Subscribers may request 
the identity of fabricators participating in the database. The 
fabricators may choose to remain anonymous or may iden- 
tify themselves by contacting the subscriber requesting the 
identification. Figure 5-1 details the supplier identity 
request process. 


6 UPDATES AND REVISIONS 


The design library and database will be reviewed and 
updated periodically by the IPC D-36 Subcommittee. Addi- 
tions, deletions, and modifications will be made to the 
design library and database to reflect the needs of subscrib- 
ers and fabricators. These revisions must be approved by 
the active subscribers. In all cases, the most current revi- 
sions shall be used and are the controlling documents. 
Requests to support archived designs more than three 
months old shall not be accepted. 


Subscriber 


Request for 
Supplier identity 


PCQR® 
Server 


Supplier chooses to 
contact Subscriber 


PWB Supplier 
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Figure 5-1 Supplier Identity Request 
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ANSI/IPC-T-50 Terms and Definitions for 
Interconnecting and Packaging Electronic Circuits 
Definition Submission/Approval Sheet 


SUBMITTOR INFORMATION: 
Name: 


Company: 


City: 


State/Zip: 


Telephone: 


Date: 


Û This is a NEW term and definition being submitted. 
Q This is an ADDITION to an existing term and definition(s). 
Q This is a CHANGE to an existing definition. 


Artwork: QO Not Applicable 


Document(s) to which this term applies: 


Committees affected by this term: 


IPC Office 
Date Received: 


If space not adequate, use reverse side or attach additional sheet(s 


Û Required OU To be supplied 
Û Included: Electronic File Name: 


Office Use 
Committee 2-30 
Date of Initial Review: 


Comments Collated: 


Comment Resolution: 


Returned for Action: 


Revision Inclusion: 


Committee Action: Q Accepted OQ Rejected 
Û Accept Modify 


IEC Classification 
Classification Code * Serial Number 


Terms and Definition Committee Final Approval Authorization: 
Committee 2-30 has approved the above term for release in the next revision. 


IPC 2-30 


Name: 


Committee: Date: 


Technical Questions 
The IPC staff will research your technical question and attempt to find an appropriate specification 
interpretation or technical response. Please send your technical query to the technical department via: 


tel: 847-615-7100 fax: 847-615-7105 
www.ipc.org e-mail: answers@ipc.org 


IPC World Wide Web Page www.ipc.org 


Our home page provides access to information about upcoming events, publications and videos, membership, and industry 
activities and services. Visit soon and often. 


IPC Technical Forums 


IPC technical forums are opportunities to network on the Internet. It’s the best way to get the help you need today! Over 
2,500 people are already taking advantage of the excellent peer networking available through e-mail forums provided by IPC. 
Members use them to get timely, relevant answers to their technical questions. Contact KeachSasamori@ipc.org for details. 
Here are a few of the forums offered. 


TechNet@ipc.org 

TechNet forum is for discussion of issues related to printed circuit board design, assembly, manufacturing, comments or 
questions on IPC specifications, or other technical inquiries. IPC also uses TechNet to announce meetings, important technical 
issues, surveys, etc. 


ComplianceNet@ipc.org 


ComplianceNet forum covers environmental, safety and related regulations or issues. 


DesignersCouncil@ipc.org 

Designers Council forum covers information on upcoming IPC Designers Council activities as well as information, comments, 
and feedback on current designer issues, local chapter meetings, new chapters forming, job opportunities and certification. In 
addition, IPC can set up a mailing list for your individual Chapter so that your chapter can share information about upcoming 
meetings, events and issues related specifically to your chapter. 


Trainingnews@ipc.org 
This is an announcement forum where subscribers can receive notice of new IPC Training Products. 


leadfree.ipc.org 
This forum acts as a peer interaction resource for staying on top of lead elimination activities worldwide and within IPC. 


IPC_New_Releases@ipc.org 


This is an announcement forum where subscribers can receive notice of new IPC publications, updates and standards. 


ADMINISTERING YOUR SUBSCRIPTION STATUS: 


All commands (such as subscribe and signoff) must be sent to listserv@ipc.org. Please DO NOT send any command to the 
mail list address, (i.e.<mail list> @ipc.org), as it would be distributed to all the subscribers. 


Example for subscribing: Example for signing off: 

To: LISTSERV@IPC.ORG To: LISTSERV@IPC.ORG 
Subject: Subject: 

Message: subscribe TechNet Joseph H. Smith Message: signoff DesignerCouncil 


Please note you must send messages to the mail list address ONLY from the e-mail address to which you want to apply 
changes. In other words, if you want to sign off the mail list, you must send the signoff command from the address that you 
want removed from the mail list. Many participants find it helpful to signoff a list when travelling or on vacation and to 
resubscribe when back in the office. 


How to post to a forum: 


To send a message to all the people currently subscribed to the list, just send to <mail list>@ipc.org. Please note, use the mail 
list address that you want to reach in place of the <mail list> string in the above instructions. 


Example: 

To: TechNet@IPC.ORG 
Subject: <your subject> 
Message: <your message> 


The associated e-mail message text will be distributed to everyone on the list, including the sender. Further information on 
how to access previous messages sent to the forums will be provided upon subscribing. 


For more information, contact Keach Sasamori 
tel: 847-597-2815 fax: 847-615-5615 
e-mail: sasako@ipc.org www.ipc.org/emailforums 
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Education and Training 


IPC conducts local educational workshops and national conferences to help you better understand conventional and 
emerging technologies. Members receive discounts on registration fees. Visit www.ipc.org to see what programs are 
coming to your area. 


IPC Certification Programs 

IPC provides world-class training and certification programs based on several widely-used IPC standards, including 
IPC-A-600, IPC-A-610, IPC/WHMA-A-620, J-STD-001 and IPC-7711A/7721A Rework and Repair. IPC-sponsored 
certification gives your company a competitive advantage and your workforce valuable recognition. 


For more information on these programs: 
tel: 847-597-2814 fax: 847-615-7105 
e-mail: certification@ipc.org www.ipc.org/certification 


Designer Certification (C.I.D.)/Advanced Designer Certification (C.1.D.+) 
Contact: 

tel: 847-597-2827 fax: 847-615-5627 

e-mail: christipoulsen@ipc.org _http://dc.ipc.org 


EMS Program Manager Certification 


Contact: 
tel: 847-597-2884 fax: 847-615-5684 
e-mail: susanfilz@ipc.org www.ipc.org/certification 


IPC Video Tapes and CD-ROMs 


IPC video tapes and CD-ROMs can increase your industry know-how and on the job effectiveness. Members receive 
discounts on purchases. 


For more information on IPC Video/CD Training, contact Mark Pritchard 


tel: 505/758-7937 ext. 202 fax: 505/758-7938 
e-mail: markp@ipcvideo.org http://training.ipc.org 


IPC Printed Circuits Expo, APEX and the Designers Summit 


CPC This yearly event is the largest electronics interconnection event in North America. With technical 


SMEMA COUNCIL 


APEX 


and the DESIGNERS SUMMIT 


of PRINTER, paper presentations, educational courses, standards development meetings networking opportunities 
\ EXPO" 


and designers certification, there’s something for everyone in the industry. The premier technical 
conference draws experts from around the globe. 500 exhibitors and 6,000 attendees typically 
participate each year. You'll see the latest in technologies, products and services and hear about the trends that affect us 
all. Go to www.GolPCShows.org or contact shows@ipc.org for more information. 


Exhibitor information: 


Mary Mac Kinnon Alicia Balonek 

Director, Show Sales Director, Trade Show Operations 
847-597-2886 847-597-2898 
MaryMacKinnon@ip c.org AliciaBalonek@ipc.org 


How to Get Involved 


The first step is to join IPC. An application for membership can be found in the back of this publication. Once you 
become a member, the opportunities to enhance your competitiveness are vast. Join a technical committee and learn 
from our industry’s best while you help develop the standards for our industry. Participate in market research programs 
which forecast the future of our industry. Participate in Capitol Hill Day and lobby your Congressmen and Senators for 
better industry support. Pick from a wide variety of educational opportunities: workshops, tutorials, and conferences. 
More up-to-date details on IPC opportunities can be found on our web page: www.ipc.org. 

For information on how to get involved, contact: 

Jeanette Ferdman, Membership Director 

tel: 847-597-2809 fax: 847-597-7105 

e-mail: JeanetteFerdman@ipc.org www.ipc.org 
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Thank you for your decision to join IPC members on the “Intelligent Path to Competitiveness”! 
IPC Membership is site specific, which means that IPC member benefits are available to all 
individuals employed at the site designated on the other side of this application. 


To help IPC serve your member site in the most efficient manner possible, please tell us what 
your facility does by choosing the most appropriate member category. (Check one box only.) 


[_] Independent Printed Board Manufacturers 


This facility manufactures and sells to other companies, printed wiring boards (PWBs) or other electronic 
interconnection products on the merchant market. What products do you make for sale? 


L] One-sided and two-sided rigid [_] Multilayer printed boards L] Other interconnections 
printed boards L] Flexible printed boards 


Name of Chief Executive Officer/President 


[_] Independent Electronic Assembly EMSI Companies 


This facility assembles printed wiring boards, on a contract basis, and may offer other electronic interconnection 
products for sale. 


Name of Chief Executive Officer/President 


L] OEM-Manvfacturers of any end product using PCB/PCAs or Captive Manufacturers of PCBs/PCAs 


This facility purchases, uses and/or manufactures printed wiring boards or other interconnection products for 
use in a final product, which we manufacture and sell. 


What is your company’s primary product line? 


[_] Industry Suppliers 


This facility supplies raw materials, machinery, equipment or services used in the manufacture or assembly of 
electronic interconnection products. 


What products do you supply? 


L] Government Agencies/Academic Technical Liaisons 


We are representatives of a government agency, university, college, technical institute who are directly 
concerned with design, research, and utilization of electronic interconnection devices. (Must be a non-profit 
or not-for-profit organization.) 


GPC Application for Site Membership 
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Site Information: 


Company Name 


Street Address 


City State Zip/Postal Code Country 


Main Switchboard Phone No. Main Fax 


Name of Primary Contact 


Title Mail Stop 
Phone Fax e-mail 
Company e-mail address WwW 


Please Check One: 


L] $1,000.00 Annual dues for Primary Site Membership (Twelve months of IPC 
membership begins from the time the application and payment are received) 


L] $800.00 Annual dues for Additional Facility Membership: Additional membership for a site within an 
organization where another site is considered to be the primary IPC member. 


L] $600.00** Annual dues for an independent PCB/PWA fabricator or independent EMSI provider with 
annual sales of less than $1,000,000.00. **Please provide proof of annual sales. 


L] $250.00 Annual dues for Government Agency/not-for-profit organization 


TMRC Membership [_] Please send me information about membership in the Technology Market 
Research Council (TMRC) 


Payment Information: 


Enclosed is our check for $ 
Please bill my credit card: (circle one) MC AMEX VISA DINERS 

Card No. Exp date 
Authorized Signature 


Mail application with check or money order to: 


r ¬ı 

I I 

I I 

IPC ! ! 
3491 Eagle Way i ! 
Chicago, IL 60678-1349 j ! 
ê ; ê = H Please attach business card Û 
Fax/Mail application with credit card payment to: I : j 
IPC j of primary contact here 1 
3000 Lakeside Drive, Suite 309 S 
Bannockburn, IL 60015-1249 7 Û 
Tel: 847-615-7100 ! j 
Fax: 847-615-7105 : 
http://www. ipc.org r j 
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Standard Improvement Form IPC-9151B 


The purpose of this form is to provide the Individuals or companies are invited to If you can provide input, please complete 
Technical Committee of IPC with input submit comments to IPC. All comments this form and return to: 

from the industry regarding usage of will be collected and dispersed to the IPC 

the subject standard. appropriate committee(s). 3000 Lakeside Drive, Suite 309S 


Bannockburn, IL 60015-1249 
Fax 847 615.7105 
E-mail: answers @ipc.org 


1. I recommend changes to the following: 
— Requirement, paragraph number 


— Test Method number , paragraph number 


The referenced paragraph number has proven to be: 
— Unclear __ Too Rigid __ In Error 


Other 


2. Recommendations for correction: 


3. Other suggestions for document improvement: 


Submitted by: 


Name Telephone 
Company E-mail 
Address 


City/State/Zip Date 


apc 
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3000 Lakeside Drive, Suite 8309S, Bannockburn, IL 60015-1249 
Tel. 847.615.7100 Fax 847.615.7105 
www.ipc.org 


